Background: Chronic pain is associated with emotional problems as well as difficulties in cognitive functioning. Prior experimental studies have shown that optimism, the tendency to expect that good things happen in the future, and positive emotions can counteract paininduced task performance deficits in healthy participants. More specifically, induced optimism was found to buffer against the negative effects of experimental pain on executive functioning. This clinical experiment examined whether this beneficial effect can be extended to a chronic pain population. Methods: Patients (N = 122) were randomized to a positive psychology Internet-based intervention (PPI; n = 74) or a waiting list control condition (WLC; n = 48). The PPI consisted of positive psychology exercises that particularly target optimism, positive emotions and selfcompassion. Results: Results demonstrated that patients in the PPI condition scored higher on happiness, optimism, positive future expectancies, positive affect, self-compassion and ability to live a desired life despite pain, and scored lower on pain catastrophizing, depression and anxiety compared to patients in the WLC condition. However, executive task performance did not improve following completion of the PPI, compared to the WLC condition. Conclusions: Despite the lack of evidence that positive emotions and optimism can improve executive task performance in chronic pain patients, this study did convincingly demonstrate that it is possible to increase positive emotions and optimism in chronic pain patients with an online positive psychology intervention. It is imperative to further explore amendable psychological factors that may reduce the negative impact of pain on executive functioning. Significance: We demonstrated that an Internet-based positive psychology intervention strengthens optimism and positive emotions in chronic pain patients. These emotional improvements are not associated with improved executive task performance. As pain itself often cannot be relieved, it is imperative to have techniques to reduce the burden of living with chronic pain.
Introduction
Chronic pain causes marked behavioural and emotional changes, impacting quality of life (Breivik et al., 2006; Hart et al., 2000) . Persistent pain can also lead to difficulties in executive functioning (Moriarty et al., 2011; Berryman et al., 2013 Berryman et al., , 2014 , with some patients even stating that these deficits are more disturbing and disabling than the pain experience itself, especially when it compromises a patient's family live, their professional work productivity and employment status (Stewart et al., 2003; Breivik et al., 2006; Kowal et al., 2012) . These pain-related deteriorations in executive functioning are thought to reflect the capacity of pain to consume attentional resources needed for accurate task performance (Legrain et al., 2009) . Attention is a cognitive process that facilitates the processing of information that enables executive functioning. Executive functioning comprises of multiple cognitive processes (Banich, 2009) and is typically decomposed in three core domains that represent specific functions, that is inhibition, updating and shifting (Miyake et al., 2000) . Inhibition refers to the ability to purposely inhibit automatic prepotent responses. An example is refraining from using the clutch when driving an automatic car (Miyake et al., 2000) . Updating is being able to actively update, manipulate and monitor relevant information held in working memory. For instance, performing mental math requires keeping partial results in mind while solving the problem (Morris and Jones, 1990) . Shifting is the ability to switch flexibly and fluently between mental sets and tasks (Gilbert and Burgess 2008) , enabling a person for example to switch between different languages in a conversation.
Research has shown that experimental (Buhle and Wager, 2010; Moore et al., 2012; Van Ryckeghem et al., 2012) and persistent pain (Moriarty et al., 2011; Berryman et al., 2013 Berryman et al., , 2014 Moore et al., 2013; Keogh et al., 2014) impair the performance on tasks that tap into these executive functions. Optimism (i.e. the tendency to expect that good things will happen in the future Carver et al., 2010) and positive affect may improve executive functioning. Drawn from the broaden-and-build theory (Fredrickson, 2001) , positive affect may (re) direct an individual's attention (i.e. the broaden hypothesis) towards accurate task performance and/or increase cognitive resources (i.e. the build hypothesis). Moreover, increasing optimism and positive affect, by means of writing and visualizing about a positive future, was previously shown to reduce pain-induced deteriorations in updating (Boselie et al., 2014) and shifting (Boselie et al., 2017) task performance. However, these studies used experimental pain and were conducted in healthy patients. We therefore set up a clinical experiment to examine whether the protective effects of optimism and positive affect on executive functioning impairments extend to a chronic pain population. Pain patients completed an 8-week Internet-based positive psychology intervention (PPI) that was previously found to significantly increase optimism and positive emotions in chronic pain patients . We hypothesized that the positive psychology intervention, compared to a waiting list condition, would lead to (1) an increase in positive and decrease in negative states and traits and (2) improved executive (i.e. updating, shifting and inhibition) task performance.
Methods

Patients
Recruitment took place from January to August 2014 through an advertisement in a magazine and on the website of the Dutch Society for Fibromyalgia patients. Patients could sign up for the study by contacting the researcher (email) or leave their contact information on a response form that was embedded on the website that was developed for this study. In total, 180 patients signed up for the study and were contacted by phone for a screening interview to check their compliance with the inclusion criteria (see Supporting Information Table S1 for these criteria). Following screening, 53 patients were excluded: 16 because they could not be reached and 37 because they did not fulfil the inclusion criteria. Patients were informed via email whether they were included in the study and were subsequently randomized into the positive psychology intervention (PPI) or waiting list condition (WLC). Randomization occurred by a 2:1 ratio, with more patients being allocated to the PPI condition so that more patients would benefit from the intervention. A minimal sample size of 68 patients was determined with G*Power (Faul et al., 2007) with the following parameters: a = 0.05, power = 0.90 and an effect size of 0.40 (as based on prior studies Verdejo-Garc ıa et al., 2009 ). The unequal allocation scheme requires that 12.5% more patients (i.e. 77; PPI > 52 and WLC > 26) should be tested to obtain the same statistical precision as with an equal allocation scheme (Korn and Freidlin, 2011) . Six (PPI n = 3; WLC n = 3) patients did not fill out all the pretreatment measures leaving a total of 121 (PPI n = 73; WLC n = 48) patients in the study.
Measures
Intervention
The positive psychology intervention (PPI) 'happy despite pain' was offered as an 8-week online intervention, whereby patients performed positive psychology exercises . Patients received instructions about the exercises via the online platform and conducted each exercise individually at home. The PPI consists of four modules (i.e.
(1), self-compassion, (2) positive focus, (4) savouring and (5) optimism) that were consecutively targeted in weeks 1-7 of the intervention. The PPI intervention does not focus the pain itself, but rather on enhancing resilience factors and trying to let the patients focus on what they value in life, despite their pain (Goubert and Trompetter, 2017) .
Module 1 targets self-compassion, which refers to fully accepting oneself, the ability to treat oneself with kindness rather than self-criticism (Neff and Germer, 2013) . For example, patients write a selfcompassion letter to themselves about their perceived shortcomings and failures, but from a friend's perspective. Module 2 requires patients to practice the 'three good things' exercise on a daily basis. Patients write down three good things that happened that day and why they happened. This exercise aims to shift the focus from a negative orientation towards a more positive one, by raising awareness for the good things in life (Seligman et al., 2006) . Module 3 contains savouring techniques that promote the frequency and intensity of positive experiences in daily life. Patients actively plan pleasant activities, so-called 'mini vacations' of 20 min. In module 4, patients practice the best possible self (BPS) exercise (Peters et al., 2010) , which is used to increase optimism. In the BPS exercise, patients write about and imagine an ideal future life despite the pain. Patients select three unique domains from a list of seven life domains (i.e. family, romantic, social, professional, educational life, leisure and hobby, societal commitment and personal growth). Within these three domains, patients formulate concrete and obtainable future (i.e. over 5 years) goals, wishes and expectations (see Supporting Information Fig. S1 for an overview of all the exercises per module). The last week (i.e. week 8) of the PPI aims to prevent relapse, by creating a personalized plan concerning future use of the learned exercises.
Regular contact moments were organized within the 8-week PPI, to give support, enhance adherence to the programme and to prevent dropout. Patients were contacted by telephone (weeks 1, 3, 5 and 7) and email (weeks 2, 4, 6 and 8). In the semi-structured telephone calls, patients were asked whether they had questions or had encountered problems regarding the assignments. The mean duration of the telephone support was 10.56 (SD = 7.74) min. The semi-standardized emails encouraged patients to continue with the exercises and to send an email if they encountered problems.
Questionnaires
Optimism
The Life Orientation Test-Revised (LOT-R) (Scheier et al., 1994) measured dispositional optimism and consisted of 10 items: three positively phrased items, three negatively phrased items and four filler items. The items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The total LOT-R score was obtained by summation of the scores on the positively phrased items and the reversed scores on the negatively phrased items and ranged from 10 to 30. Higher scores reflect higher levels of dispositional optimism. The LOT-R has been demonstrated to be a reliable and valid measurement instrument (Scheier et al., 1994) and internal consistency was satisfactory in this study with a Cronbach's alpha of 0.77.
Future expectancies
The Future Expectancies Scale FEX (Hanssen et al., 2013 ) measured positive and negative future expectancies. It consisted of 20 items that make statements about positive (n = 10) and negative (n = 10) future events. The 20 statements covered five different domains (work, health, personal, social and general). Patients rated the likelihood that they will experience the future events on a 7-point Likert scale, ranging from 1 (not at all likely to occur) to 7 (extremely likely to occur). Higher scores reflect a higher estimated likelihood of positive (FEX-Pos) or negative (FEX-Neg) future events, with scores ranging from 10 to 70. The internal consistency of the FEX subscales has been demonstrated to be satisfactory (Hanssen et al., 2013 ). Cronbach's alphas in this study for the positive and negative subscale were 0.87 and 0.83, respectively.
Self-compassion
The Self-Compassion Scale-Short Form (SCS-SF) (Neff, 2003) consisted of 12 items divided over six subscales. These subscales corresponded to the six components of self-compassion: Self-Kindness, SelfJudgment, Common Humanity, Isolation, Mindfulness and Over-Identification (Neff, 2003) . In this study, the items were rated on a 7-point Likert scale (Wechsler, 1997) , ranging from 1 (almost never) to 7 (almost always) and scores ranged from 12 to 84. The total self-compassion score was computed by adding all subscale scores, after reversing the negative subscale items (i.e. items of the subscales SelfJudgment, Isolation and Over-Identification). The SCS-SF demonstrated adequate internal consistency and a near-perfect correlation with the long-form SCS (Raes et al., 2011) . In this study, internal consistency was good with a Cronbach's alpha of 0.89.
Depression and anxiety
The Hospital Anxiety And Depression Scale (HADS) (Zigmond and Snaith, 1983 ) measured depressive and anxiety symptoms in medical outpatient clinics. The HADS consisted of 14 items (including six reversed items): seven measured depressive symptoms and seven measured anxiety symptoms. Items were rated on a 4-point Likert scale ranging from 0 (indicating no depressive or anxiety symptoms) to 3 (indicating a high level of depressive or anxiety symptoms). The total depression or anxiety score was obtained by summation of the scores on the negatively phrased items and the reversed scores on the positively phrased items. Scores for the subscales range from 0 to 21, with scores 0-7 indicating 'normal', scores 8-10 indicating 'mild', scores 11-14 indicating 'moderate' and scores 15-21 indicating 'severe' presence of symptoms (Zigmond and Snaith, 1983) . The HADS has been demonstrated to be a reliable measurement instrument (Spinhoven et al., 1997 ). Cronbach's alphas for the anxiety and depression subscale were both 0.82.
Happiness
Happiness was assessed via a single question that inquired about the degree of happiness one feels at this moment. Answers were scored on a 6-point Likert scale with scores 1 (very unhappy), 2 (unhappy), 3 (more unhappy then happy), 4 (more happy then unhappy), 5 (happy) to 6 (very happy). A higher score reflects greater happiness. Measuring happiness by single-item questions has been proven to be reliable and valid (Abdel-Khalek, 2006 ).
Pain Catastrophizing
The Pain Catastrophizing Scale (PCS) (Sullivan et al., 1995) consisted of 13 items reflecting catastrophic thoughts and emotions regarding pain. Patients indicated to what degree they experienced each of 13 stated thoughts and feelings while experiencing pain on a 5-point Likert scale, ranging from 0 (not at all) to 4 (all the time). The total PCS score was obtained by summing the responses of all the 13 items (scores range from 0 to 52). Higher scores on the PCS indicate greater pain catastrophizing. Reliability and validity of the PCS total and subscales were adequate (Severeijns et al., 2002) . In this study, internal consistency was good with a Cronbach's alpha of 0.93.
Affect
The Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988) consisted of 20 items that measure positive (PA, 10 items) and negative (NA, 10 items) affect. Patients indicated the degree to which a certain feeling was present at that moment on a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely). Subscale scores ranged from 10 to 50, with higher scores on NA items reflecting higher levels of emotional distress. In contrast, high PA scores correspond to experiencing more pleasurable feelings. The PANAS subscales have been demonstrated to be valid and reliable (Crawford and Henry, 2004 ). Cronbach's alphas in this study for the positive and negative subscale were 0.87 and 0.88, respectively.
Pain
Three Visual Analogue Scales (VASs) were administered to measure the patient's experience of pain at that moment, namely experienced pain intensity, burden of pain and ability to live a desired life despite the pain. Each VAS was anchored 0 (no pain at all/no burden at all/not at all able) to 100 (extreme pain/extreme burden/completely able).
Pain disability
The Pain Disability Index (PDI) (Pollard, 1984) measured the impact that pain has on the ability of a person to participate in seven categories of life activities: family and home responsibilities, recreation, social activity, occupation, sexual behaviour, self-care and life-support activity. Patients indicated the level of disability that they typically experience on an 11-point Likert scale with 0 (no disability) to 10 (total disability). The total PDI score was obtained by the summation of the seven items and ranged from 0 to 70, with greater scores indicating greater disability due to pain. The PDI has shown to be a valid and reliable measure of pain-related disability (Tait et al., 1990) . In this study, internal consistency was good with a Cronbach's alpha of 0.84.
Task experience
Four Visual Analogue Scales (VASs) measured the patients experience concerning the execution of the executive functioning tasks, namely experienced fatigue, difficulty, level of pain during task execution and ability to concentrate on task execution. Each VAS was anchored 0 (not fatiguing at all/not at all difficult/no pain at all/not at all difficult to concentrate) to 100 (extremely fatiguing/extremely difficult/extremely painful/extremely difficult to concentrate).
Executive functioning
In selecting the executive functioning tests, we aimed to include paradigms that are regarded as standard tests for the three core executive functions that are often proposed, namely inhibition, updating and shifting (Miyake et al., 2000) . We specifically included tasks that had been used in prior studies examining executive functioning in relation to pain (Buhle and Wager, 2010; Moriarty et al., 2011; Moore et al., 2012 Moore et al., , 2013 Van Ryckeghem et al., 2012; Berryman et al., 2013 Berryman et al., , 2014 Keogh et al., 2014) . Moreover, given the online nature of our study, we selected tasks that could be assessed in an online procedure.
Inhibition
Stop-signal task
In this reaction time paradigm (Benedict and Zgaljardic, 1998) , patients were instructed to respond to a stimulus as quickly as possible (by pressing a button), unless a specific cue (i.e. stop-signal) was presented in which case the response needs to be inhibited. Hence, patients need to inhibit an initiated motor action when this is suddenly no longer appropriate. Reaction times on so-called stop-trials versus go-trails are used to infer difficulties in inhibition (see below).
The stop-signal task consisted of 160 trials. Each trial started with a fixation cross that was presented for 500 ms in the middle of the computer screen, followed by either a black arrow (i.e. the go-stimulus) pointing to the left or right. Patients were required to press the 'E' key on the keyboard if the arrow pointed to the left or the 'U' key when the arrow pointed towards the right. When the arrow turned red (i.e. stop-signal), which was the case on 25% of the trials (i.e. 40 trials), patients were expected to inhibit their response and refrain from pressing a button. The time interval between the go-stimulus and the stop-signal (i.e. stop-signal delay) was initially set to 250 ms and then adjusted dynamically depending on the patient's responses during task performance. The stop-signal delay was increased or decreased by 50 ms on the next stop-signal trial when subjects succeeded or failed to stop, respectively. Increasing the stop-signal delay makes it more difficult to inhibit the next stop-signal trial, while decreasing makes it easier to inhibit the next stop-signal trial. Adjusting the stop-signal delay dynamically during task performance ensures that patients have an approximately equal number of failed as successful stop-trials (Benedict and Zgaljardic, 1998) .
The task started with a practice phase (30 gotrials). Response feedback was given on each trial ('correct' or 'incorrect'). Moreover, patients were urged to respond faster on every trial with a message that appeared below the arrow stimulus, irrespective of their reaction time. The test phase of the task consisted of four blocks containing 40 trials each (i.e. 30 go-trials and 10 stop-trials). Patients were allowed to take short self-paced breaks in between blocks. Task instructions were displayed in the left and right upper corners of the computer screen, 'press E for left' and 'press U for right', respectively. In the middle bottom part of the computer screen, patients could follow their progress, via an indicator that displayed the number of completed and uncompleted trials for that block (e.g. 1/30). In the test phase, a feedback message was only given when responses on the go-trials became too slow (i.e. >2 SD above individual cut-off score, which was calculated on the basis of the mean RT and SD as obtained in the practice phase). This message urged patients to respond faster, preventing patients to use this response slowing in order to improve accuracy on stop-signal trials (Bialocerkowski, 2008) . The total duration of the stop-signal task was approximately 10 min. The main outcome variable of the task was the stop-signal RT (SSRT) that is calculated by subtracting the mean stop-signal delay (i.e. time between the go-stimulus and the stop-signal) from the mean RT on correct gotrials. Higher SSRTs indicates that the patient needed more time to inhibit a response, reflecting less inhibitory control (Benedict and Zgaljardic, 1998 ).
Updating
Reverse digit span
The reverse digit span originates from the WAIS-III (Wechsler, 1997) . A series of digits (1, 2, 3, 4, 6, 7, 8 and 9) of increasing length were presented one-byone on a computer screen, starting with a series of three digits to a maximum of eight digits. After the last digit was presented, patients had to repeat the numbers in the reverse order, by clicking with the left mouse button on the corresponding numbers in a numeric pad that was presented on the bottom part of the computer screen. Following each successful trial, a digit was added to the next trial. The score (i.e. correctly recalled digits) was shown in the upper part of the screen. The task ended when a patient failed to accurately reproduce a series of digits of the same length on two successive trials. The total score was calculated by summing the total amount of digits correctly recalled. The total duration of the reverse digit span was <6 min.
Shifting
Task shifting
The task-shifting paradigm was used to measure shifting ability. In the shifting task, eight single-digit numbers (1, 2, 3, 4, 6, 7, 8 and 9) were presented one-by-one on a computer screen. Patients needed to follow a discrete task rule on each trial, which can either change (i.e. switch trial) or remain the same (i.e. repetition trials) from one trial to the next. Responses on a switch trial are typically slower and less accurate compared to responses on a repetition trial (i.e. switch costs). See Supporting Information Fig. S2 for an example of two trials. Patients had to follow two task rules, namely indicating whether the target number was higher or lower than 5 and indicating whether the target number was even or odd. One of both task rules (i.e. higher/lower or odd/ even) was briefly primed (500 ms) on screen before the presentation of the next target number (Kiesel et al., 2010 ). The target number was then shown until the patient gave a response. The mapping of response keys to task rules was counterbalanced across patients. Which key corresponded to which answer type (e.g. E = lower/even and U = higher/ odd) was simultaneously presented with the target number in order to ensure that patients were aware of the required sorting options.
The shifting task consisted of a practice phase and testing phase. The practice phase included 12 trials, with six higher/lower trials and six odd/even trials. In the testing phase, 192 trials were presented, with 96 switch trials of which 48 were congruent (i.e. trials for which the correct response is mapped to the same key under both task rules Altmann and Gray, 2008) . The presentation of target numbers was fixed semi-randomized to ensure the previously mentioned distribution of switch and congruent trials. Additionally, the same priming cue was not presented for more than four consecutive trials, to prevent an automatic response flow.
The total duration of the shifting task was <15 min. Reaction times (RT) and accuracy were registered. The main dependent variables used in this study were RT switch costs and accuracy switch costs. The RT switch cost score was computed by subtracting RT on repeat trials from switch trials, such that higher positive values indicate that patients were slower to respond to switch trials than to repetition trials. The accuracy switch cost score was computed by subtracting the proportion of correct responses on switch trials from the proportion of correct responses on the repeat trials, such that higher positive values indicate that patients were less accurate on switch trials compared to repetition trials.
Wisconsin card sorting task
We used a modified, computerized Wisconsin card sorting task (WCST) version (Tien et al., 1996) . In its conventional form (Heaton et al., 1993) , the task can be discontinued when six categories (i.e. a sequence of ten correct responses to one specific sorting rule) are completed. We required that all 128 response cards had to be sorted (Greve et al., 2005) .
In the WCST, four stimulus cards were presented on the bottom half of the computer screen and one response card on the upper half of the computer screen. The response card changed every trial; the four stimulus cards remained unchanged (i.e. card 1 with a red triangle, card 2 with two green stars, card 3 with three yellow crosses and card 4 with four blue circles on them). Every response card had three possible attributes: form, number and colour. Every attribute had four possible features: form (triangle, star, cross and circles), number (1, 2, 3 and 4) and colour (red, green, yellow and blue). Patients had to match the response card (128 in total) to one of the four stimulus cards by clicking with the left mouse button on the selected stimulus card. Patients were not informed about the sorting rule (i.e. sorting by form, number or colour). Patients had to find the correct sorting rule by trial and error. Computer feedback (i.e. 'right' or 'wrong') was displayed on the computer screen after matching the response card to a stimulus card. After ten consecutive correct matches, the sorting rule changed without warning, requiring the patient to shift their cognitive strategy. See Supporting Information Fig. S3 for an example.
The sequence of sorting rules was counterbalanced, but with the restriction that within a counterbalance condition, the sequence of the rules remained the same (e.g. colour, form, number, colour, form, number and so on). Patients received an identical stimulus list in the pre-and postmeasurement. The number of categories completed was the main outcome variable. Any time a patient interrupted a sequence of correct responses by making an error, the category of that sorting rule was not obtained. The same sorting rule applied until 10 correct matches with that specific rule was achieved. Task duration was <15 min.
Procedure
The study took place between February 2014 and January 2015. After randomization, patients received an email invitation to complete the online premeasurement, consisting of two sessions. Session 1 contained questionnaires on demographic information, medication use and happiness, and VASs on pain and task perception. Moreover, two executive functioning tasks were administered (i.e. stop-signal task and WCST). We also administered the 2-back task (Boselie et al., 2016 ), but we do not report this data as too many patients (n = 84, 68.9%) scored an accuracy score below chance level (<54% correct, as determined by a binomial calculator). Patients were invited via email to complete session 2 the next day. This session contained the PANAS, PCS, FEX, LOT-R, HADS, PDI, SCS-SF, the VASs on task perception and two executive functioning tasks (i.e. shifting task and reverse digit span). We decided to divide the pre-and postmeasurement in two sessions to avoid fatiguing patients. Patients were instructed to complete the sessions in a quiet environment and to take sufficient self-paced breaks between the questionnaires or tasks. However, they were requested to always complete a questionnaire or task once they had started.
Following completion of the premeasurement, patients in the PPI condition received their username and password via email to the site where the intervention was hosted. Patients could access the site through the username and password and a sixdigit security code that was provided to their mobile phone or email at every login. The intervention consisted of eight weeks. In the first week, only the exercises of that week could be accessed. The following exercises became consecutively available exactly one week after the previous one. Mean duration of the intervention for intervention completers was 9.9 (SD = 2.1) weeks (range 8-17 weeks). Each online module consisted of information about the topic of that week and practical assignments. Patients were also sent a printed workbook at the start of the intervention that contained a summary of the online information and the corresponding assignments. Patients could also complete the assignments in this workbook and use it as a future reference book. However, it was emphasized that patients should first and foremost complete the assignments online.
After completion of the intervention, patients were invited via email to complete the postmeasurement via Internet. The postmeasurement again consisted of two sessions using the same partitioning of tasks and questionnaires (except demographic information) as during the premeasurement. In the WLC condition, after completion of the premeasurement, patients were informed of the 8-week waiting period and when they would receive the invitation for their postmeasurement. Patients could start the intervention after completion of the postmeasurement. Patients in WLC condition did not receive the weekly support of an assistant by telephone or email. After completion of the postmeasurement, all patients received a gift (lantern bag) to thank them for participation in the study.
Data analyses
Data were checked for a normal distribution, and reliability analyses were performed on the scores of the premeasurement of the LOT-R, FEX, PANAS, SCS-SF, PCS, HADS and the PDI questionnaires. Independent-samples t-tests were used to check for baseline differences between the conditions (PPI vs. WLC) on questionnaire scores, executive functioning and pain duration and chi-square tests for categorical variables (demographic characteristics). To examine possible predictors of dropout, a logistic regression analyses were performed with condition (PPI vs. WLC) and all the baseline variables as predictors.
Executive functioning data were screened for outliers. On the reaction time (RT) tasks, RT < 250 ms or 3 9 SD above individual mean RT was replaced with the cut-off value (i.e. 250 or 3 9 SD above individual mean RT). Furthermore, incorrect trials were omitted (shifting task 12.0% (premeasurement) and 11.0% (postmeasurement); stop-signal 2.8% (premeasurement) and 0.9% (postmeasurement) trials).
The effectiveness of the PPI on emotional functioning was tested with several ANCOVAs with condition (PPI vs. WLC) as between-subjects factor and baseline (premeasurement) scores of the emotional variables (mean centred) as covariates. The intervention is successful in increasing positive and decreasing negative states and traits when results show a significant main effect of condition. This method of analysing is more powerful and precise than using repeated measures ANOVA in a randomized prepost design (Van Breukelen, 2006) . Similar, the effectiveness of the PPI on executive functioning was tested with several ANCOVAs with condition (PPI vs. WLC) as between-subjects factor and baseline (premeasurement) scores of the executive functioning variables (mean centred) as covariates. The intervention is successful in improving executive task performance (i.e. updating, shifting and inhibition) when results show a significant main effect of condition. Additionally, regression analyses were used to test whether improvements in positive affect and optimism are significant predictors of task performance improvement.
Results
Baseline descriptives
In total, 33 patients (PPI n = 18, 24.7%; WLC n = 15, 31.3%) did not complete the intervention and/or did not complete all the measurements within the 2 pre-and post-treatment sessions. In the analyses, we included every available data point, resulting in different sample sizes per task/questionnaire (range n = 87-121).
We checked for outliers on the general outcome variables (i.e. shifting switch cost RT and accuracy, WCST score, reversed digit span score and stop-signal SSRT score), with outlier values defined as 3 9 SD below or above the overall mean (i.e. cut-off values). Outlier scores were replaced with these cut-off values. Additionally, patients that obtained an accuracy score below chance level on the shifting task (<53% correct, as determined by a binomial calculator) were omitted from further analysis for that specific task (n = 2, 2.25%).
Results of the independent-samples t-tests and chisquare tests revealed no significant differences between the PPI and WLC condition at baseline (emotional functioning all p-values >0.12; executive functioning all p-values >0.30; patient characteristics all p-values >0.21). See Supporting Information Table S2 for patient characteristics per condition.
Results of the logistic regression analyses indicated that dropout was predicted by lower education level (B = À0.08, t (95) = À3.37, p < 0.01, 95% CI of B [À0.125 to À0.032]), more self-reported ability to live desired life despite pain (B = 0.01, t (95) = 2.99, p < 0.01, 95% CI of B [0.002 to 0.010]) and more negative future expectancies (B = 0.01, t (95) = 2.19, p = 0.03, 95% CI of B [0.001 to 0.025]). A significant proportion of variance was explained with, R² = 0.28, F (18, 95) = 2.04, p = 0.01. All other baseline characteristics, premeasurements and condition were not significant predictors (all p's > 0.11). The main reasons that were given to discontinue with the intervention were the start of a treatment trajectory, relationship problems, hospitalization, death of a loved one and not enough time to spend on the intervention.
Emotional and physical functioning
The ANCOVAs revealed a significant main effect of PPI condition, controlling for the effect of scores obtained before the intervention, for happiness (F (1, 90) = 4.58, p = 0.04, gp² = 0.05), optimism (F (1, 86) = 7.34, p = 0.01, gp² = 0.08), positive future expectancies (F (1, 86) = 15.15, p < 0.001, gp² = 0.15), positive affect (F (1, 86 = 5.47, p = 0.02, gp² = 0.06), self-compassion (F (1, 86 = 12.18, p > 0.01, gp² = 0.12), pain catastrophizing (F (1, 86 = 13.92, p > 0.001, gp² = 0.14), depression (F (1, 86 = 6.36, p = 0.01, gp² = 0.07), anxiety (F (1, 86 = 6.21, p = 0.02, gp² = 0.07) and ability to live a desired life despite pain (F (1, 89 = 5.68, p = 0.02, gp² = 0.06). The PPI condition main effect was not significant for negative future expectancies (F (1, 86) = 3.78, p = 0.06, gp² = 0.04), negative affect (F (1, 86) = 2.70, p = 0.10, gp² = 0.03), pain disability (F (1, 86) = 1.31, p = 0.26, gp² = 0.02) and pain intensity (F (1, 89) = 2.05, p = 0.16, gp² = 0.02). The pre-and postscores on the emotional functioning variables are displayed in Table 1 . Patients in the PPI condition scored higher on happiness, optimism, positive future expectancies, positive affect, self-compassion and ability to live a desired life despite pain, compared to patients in the WLC condition. In contrast, patients in the PPI condition scored lower on pain catastrophizing, depression and anxiety compared to patients in the WLC condition.
Executive functioning
No effect of PPI condition was found for any of the executive functioning tasks (reversed digit span (F (1, 85) = 0.33, p = 0.33, gp² < 0.01; RT switch cost (F (1, 84) = 0.28, p = 0.60, gp² < 0.01; switch cost accuracy (F (1, 84) = 0.03, p = 0.86, gp² < 0.001; WCST score (F (1, 88) = 0.21, p = 0.65, gp² < 0.01); stop-signal SSRT score (F (1, 87) = 0.02, p = 0.90, gp² < 0.001). Mean and standard deviation scores of the executive task performance variables are displayed in Table 2 . We repeated the analyses on the executive functioning dependent variables with pain intensity, age and medication use (yes vs. no) as covariates; again the condition effect was not significant (all p-values > 0.06). To examine a possible learning effect, we conducted several paired-samples t-tests. We examined with regression analyses whether improvements in positive affect and optimism were significantly related to improvements in task performance, irrespective of condition. No consistent associations between changes in either positive affect or optimism and improvements in task performance were found. Additionally, we examined whether the task experience (i.e. fatiguing, difficulty, level of pain during task and ability to concentrate on task) changed after the PPI compared to WLC. None of the time (premeasurement vs. postmeasurement) 9 condition interaction effects were significant (all pvalues > 0.08).
Discussion
This study was set up as a clinical experiment to examine whether an online positive psychology intervention can improve executive functioning in chronic pain patients. As expected, the intervention led to increases in positive emotions and optimism compared to a waiting list control condition. However, the results did not confirm that executive task performance improved in patients that completed the intervention, compared to patients in the waiting list condition.
Based on theoretical and empirical evidence (Fredrickson, 2004; Legrain et al., 2009; Boselie et al., 2014 Boselie et al., , 2017 , we hypothesized that increasing optimism and positive emotions would protect against executive functioning impairments due to chronic pain. Drawn from the broaden-and-build theory (Fredrickson, 2001) , positive affect may (re) direct an individual's attention (i.e. the broaden hypothesis) towards accurate task performance and/ or increase cognitive resources (i.e. the build hypothesis). Within the context of the competing limited resources theory (Eccleston and Crombez, 1999) , two potential mechanisms are probable. First, cognitive and self-regulatory resources are 71 (20.63) considered to be limited and proposed to be fatigued by pain (Eccleston and Crombez, 1999; Solberg Nes et al., 2010) . Experiencing positive emotions and optimism may increase motivation to continue allocating resources towards task performance, despite less resources being available. Second, optimism and positive emotions may increase an individual's ability to preserve attention for accurate task performance. Chronic pain patients often worry and ruminate about their pain experience and report more pain catastrophizing (Eccleston et al., 2001; Kane et al., 2007) . As optimism is associated with less worry, rumination and pain catastrophizing (Goodin et al., 2013; Tucker et al., 2013; Bostick et al., 2017) all available attention resources can be dedicated towards task performance instead of being consumed by negative thought patterns. Furthermore, positive emotions and optimism may increase top-down variables (e.g. goal perseverance and effort (Van Damme et al., 2010; Wrosch and Scheier, 2003) that modulate the ability of pain to interrupt and capture an individual's attention at the expense of accurate task performance (Legrain et al., 2009) . Besides these theoretical underpinnings, results from two laboratory studies (Boselie et al., 2014 (Boselie et al., , 2017 demonstrated that increasing positive emotions and optimism, by means of a writing and visualisation exercise, counteracted pain-induced deteriorations in executive task performance (i.e. updating and shifting) in healthy university students. However, the current study findings indicate that these previously found beneficial effects of optimism on executive functioning in healthy participants do not extend to chronic pain patients. Despite the fact that the intervention successfully increased positive emotions and optimism, this increase did not translate in improvements in executive task performance. Given that there are fundamental differences between experimentally induced pain and natural occurring persistent pain (i.e. less predictable, persistent and more threatening Edens and Gil, 1995) , it is conceivable that positive emotions and optimism cannot improve executive functioning in the context of chronic pain. However, there are also several reasons that could account for these different findings. First, the cognitive deficits in chronic pain patients may be too pervasive and longstanding to be ameliorated by the intervention. Second, we theorized that optimism may increase motivation to continue allocating resources towards accurate executive task performance, despite less resources being available due to pain. But this increased motivation by optimism may only occur, or may especially occur, when the task is perceived as important, valuable and personally relevant (Van Damme et al., 2010) . Future studies are necessary to elucidate the importance of task relevance. Third, in contrast to a patient sample, a healthy student sample is more homogeneous, the age range is more restricted and students are generally more familiar with performing computer tasks that measure executive functioning. Furthermore, we included extended practice phases, elaborated task instruction and showed the instructions during task execution to ensure good comprehension of the task by patients. However, these measures may not compensate for lack of computer experience or anxiety for completing computerized tests, which negatively influence task performance (Browndyke et al., 2002) . Lastly, methodological differences between the studies could also have played a role. Reverse digit span score = correctly recalled digits; switch cost reaction time = reaction time switch trial minus reaction time repeat trial (ms); switch cost accuracy = accuracy repeat trial minus accuracy switch trial; WCST score = sum categories completed; stop-signal SSRT score = mean RT on correct go-trial minus mean stop-signal delay.
Although delivering an intervention via Internet has several advantages, such as high accessibility and lower threshold to participate (Hedman et al., 2012; Andersson and Titov, 2014) , disadvantages to the online data collection can be identified as well. For example, the online mode of administration restricted the possibility to give clarification about the tasks. Furthermore, although we applied rigorous data screening methods, it cannot be excluded that task performance was affected by test environment or that patients did not dedicate the appropriate amount of effort, resulting in poorer task performance (Attridge et al., 2016) . Additionally, to measure improvement in executive functioning, the same tasks were used for the pre-and postmeasurement. However, performing a task twice often leads to improved task performance (i.e. practice effects Falleti et al., 2006) , which may have masked the effects of the intervention on executive functioning. Future research may consider implementing a task twice at baseline to minimize practice effects, the influence of computer experience and task incomprehension. This gives patients the time to fully grasp the requirements of the different tasks, increasing the likelihood that executive functioning is measured, not mere task comprehension (Falleti et al., 2006) . A further difficulty is that performance on experimental tasks may have little predictive value for how a patient will perform on naturalistic tasks encountered in everyday life (Chan et al., 2008) . For example, patients may be perfectly able to switch between sorting rules in the WCST, but unable to switch between different languages in a conversation, although both require shifting ability. To overcome this lack of predictive value, we need more ecological valid measurements of executive functioning. Proposed solutions are developing tasks based on themes essential for survival (e.g. increasing social cooperation, parenting), increasing complexity (i.e. multiple steps to obtain one overarching goal, such as driving or cooking), making the task more personal relevant, or even using virtual reality to mimic complex real-world situations (Chan et al., 2008; Keogh et al., 2013) .
We did replicate the findings of a previously conducted randomized control trial in that the intervention was successful in increasing happiness, optimism, positive future expectancies, positive affect, self-compassion and ability to live a desired life despite pain, and lowering pain catastrophizing, depression and anxiety. These findings emphasize the possibility to increase emotional well-being and decrease distress in chronic pain patients through an online self-help positive psychology intervention. The intervention did not decrease pain intensity and disability, which is not an uncommon outcome when examining psychological treatments for chronic pain . That pain persists validates the importance of having selfhelp techniques to reduce the burden of living with chronic pain. Moreover, these significant improvements were achieved via minimal guidance, making it an attractive treatment option for chronic pain patients.
We should note that the generalization of these results towards other pain disorders or patients in other settings is limited as the study sample consisted of predominately self-reported fibromyalgia patients who self-selected to participate in this study. However, prior research has indicated that fibromyalgia patients have poorer treatment response to CBT than other pain disorders (Sturgeon, 2014) , thus finding a successful intervention for this pain disorder is imperative. Nevertheless, future research is necessary to examine whether these findings extend to other pain disorders or settings. Another future direction could be to examine whether the PPI intervention can be more effective when the intervention is personalized (Ritterband et al., 2003) or whether combining the PPI with other interventions (e.g. exposure, CBT) has additional benefits. Furthermore, the intervention consisted of several evidence-based positive psychology exercises, but it is unclear what the distinctive effect of each technique was on treatment outcome. Similarly, adding adherence assessments (e.g. login data) and subjective evaluations of the intervention could improve the intervention further.
Future studies may consider having intermediate measurements following the completion of every module so it is possible to examine the distinctive effect of each module. Additionally, a diary assessment could be added to assess the impact of the PPI on a patient's daily life functioning in more depth.
In conclusion, the present study shows that an 8-week online self-help positive psychology intervention is able to improve emotional well-being in chronic pain patients. However, the intervention did not improve executive task performance. We advocate to further test whether the protective effect of optimism on executive functioning can be extended to chronic pain patients. Future research could for instance measure executive task performance under more controlled circumstances (i.e. in the laboratory), use more ecologically valid tasks (e.g. more complex, increasing personal relevance and virtual reality) and use multiple baselines measurements of executive functioning. Despite the lack of evidence that positive emotions and optimism can improve executive task performance in chronic pain patients, this study did convincingly demonstrate that it is possible to increase positive emotions and optimism in chronic pain patients with an online positive psychology intervention. As pain itself often cannot be relieved, it is imperative to have techniques to reduce the burden of living with chronic pain.
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